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INTRODUCTION
Earlier have been shown that the immune responses to course of drinking of Naftussya bioactive water from Truskavet's spa are ambiguous and individual [11, [26] [27] [28] [29] [30] 32] . However, at Truskavets' spa water monotherapy is a rare exception for specific contingents, whereas the vast majority of patients use a balneotherapy complex: drinking of Naftussya, application of ozokerite and mineral baths [20] . The immune responses to ozokerite in partial [8, 9, 20, 22] and balneotherapeutic complex in general [13, 14, 25] are also ambiguous which is a separate manifestation of the multivariate effects on the body of balneological agents as adaptogens as well as stressors [2, 4, 6, 7, 16, 17, 24] . Therefore, the purpose of this study is to analyze variants of immune responses to balneofactors of Truskavets' spa.
MATERIAL AND METHODS
The object of observation were 34 men and 10 women aged 24-70 years old, who came to the Truskavets' spa for the treatment of chronic pyelonephritis combined with cholecystitis in remission. The survey was conducted twice, before and after ten-day balneotherapy (drinking Naftussya bioactive water three times a day, ozokerite applications, mineral baths every other day) [20] .
In portion of capillary blood we counted up Leukocytogram (LCG) (Eosinophils, Stub and Segmentonucleary Neutrophils, Lymphocytes and Monocytes) and calculated two variants of Adaptation Index as well as two variants of Strain Index by IL Popovych [3, 13, 18] .
Strain Index-1 = [(Eo/3,5-1) 2 + (SN/3,5-1) 2 + (Mon/5,5-1) 2 + (Leu/6-1) 2 ]/4 Strain Index-2 = [(Eo/2,75-1) 2 + (SN/4,25-1) 2 + (Mon/6-1) 2 + (Leu/5-1) 2 ]/4 Immune status evaluated on a set of I and II levels recommended by the WHO as described in the manuals [10, 15] . For phenotyping subpopulations of lymphocytes used the methods of rosette formation with sheep erythrocytes on which adsorbed monoclonal antibodies against receptors CD3, CD4, CD8, CD22 and CD56 from company "Granum" (Kharkiv) with visualization under light microscope with immersion system. Subpopulation of T cells with receptors high affinity determined by test of "active" rosette formation. The state of humoral immunity judged by the concentration in serum circulating immune complexes (by polyethylene glycol precipitation method) and Immunoglobulins classes M, G, A (ELISA, analyser "Immunochem", USA). In addition, the saliva level of secretory IgA, IgA and IgG was determined as well as lysozime (by bacteriolysis of Micrococcus lysodeikticus).
We calculated also the Entropy (h) of Immunocytogram (ICG) and Leukocytogram (LCG) using formulas [19, 21, 34] , adapted from classical CE Shannon's formula [33] [5] with moderately modification by MM Kovbasnyuk [23] . The objects of phagocytosis served daily cultures of Staphylococcus aureus (ATCC N 25423 F49) as typical specimen for Gram-positive Bacteria and Escherichia coli (O55 K59) as typical representative of Gram-negative Bacteria. Both cultures obtained from Laboratory of Hydro-Geological Regime-Operational Station JSC "Truskavets'kurort". Take into account the following parameters of Phagocytosis: activity (percentage of neutrophils, in which found microbes -Hamburger's Phagocytic Index PhI), intensity (number of microbes absorbed one phagocytes -Microbial Count MC or Right's Index) and completeness (percentage of dead microbes -Killing Index KI). On the basis of the recorded partial parameters of Phagocytosis, taking into account the Neutrophils (N) content of 1 L blood, we calculated the integral parameter -Bactericidal Capacity of Neutrophils (BCCN) by the formula [13, 23] : BCCN (10 9 Bact/L) = N (10 9 /L)•PhI (%)•MC (Bact/Phag)•KI (%)•10 -4 In addition, the blood level of cytokines IL-1, IL-6 and TNF-α was determined (by the ELISA with the use of analyzer "RT-2100C" and corresponding sets of reagents from "Diactone", France).
The condition of Microbiota is evaluated on the results of sowing of feces and urine. Norms are borrowed from the database of the Truskavets' Scientific School of Balneology.
Results processed by methods of cluster [1] and discriminant [12] analyses, using the software package "Statistica 5.5".
RESULTS AND DISCUSSION
In order to evaluate the immune responses on a single scale according recommendation by IL Popovych [7, 13] immune variables (V) expressed as Z-scores calculated by formula: [31] has shown that in different patients, individual ISI respond to balneotherapy not only in varying degrees, but even in the opposite way. The next phase was conducted Cluster analysis of ISI before and after balneotherapy. Clustering cohort of persons is realized by iterative k-means metod. In this method, the object belongs to the class Euclidean distance to which is minimal. The main principle of the structural approach to the allocation of uniform groups consists in the fact that objects of same class are close but different classes are distant [1] .
As a result, four groups of persons were created, significantly different from each other in terms of ISI (Table 1) , while the differences between the members of each group were much smaller ( Table 2) . 
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No.
Case
No .  C18 C19 C20 C21 C22 C23 C24 C25 C26 C29 C31 C32 C33 C34 C35 C36  C37  C40  D ,20  ,18  ,24  ,12  ,11  ,31  ,45  ,33  ,08  ,14  ,07  ,28  ,24  ,44  ,24  ,15  ,37  ,23 Cluster Number 2 contains 14 cases Case No.
No. Immune response options are visualized in Figs. 1 and 2. Cluster №3 (40,9% of the sample), whose members are characterized by a stable normal (N) immune status, appeared to be the largest, which is quite expected given the remission phase of the chronic inflammatory process. In members of cluster №2 (31,8%), the lower boundary level of immunity (N-) was completely normalized (N), indicating a favorable immunotropic effect of balneotherapy. In members of cluster №4 (22,7%), moderate immunosuppression (S) was reduced but not sufficient. However, in two patients of cluster №1 (4,5%), initially normal immune status (N) was transformed into moderate immunosuppression (S). Therefore, the immunotropic effect of balneotherapy on certain individuals is not effective enough, and in some cases even unfavorable.
Fig. 1. Individual immune status indexes (ISI) before (axis X) and after (axis Y) balneotherapy in members of different clusters of immune responses

Fig. 2. Average values (Mean±SE) of immune status indexes (ISI) before (axis X) and after (axis Y) balneotherapy in members of different clusters of immune responses
By constructing immune profiles, it was revealed ( Fig. 3 ) that in patients of the N-/N cluster, moderately reduced bactericidity of neutrophils against both types of bacteria and lower-bound IgG levels increase to the upper zone of normal, whereas significantly expressed T-helper deficiency is only diminished, and the upper boundary level of NK cells and normal levels of the other major parameters of the immune status do not change significantly.
Fig. 3. Profiles of the parameters of immunity, by which the ISI is calculated
In the N/N cluster, all 11 immune parameters do not respond to balneotherapy factors, remaining in the range of ±1,5σ.
The stability of the immune status also occurs in the members of the S/S cluster, but negative, because along with the stable normal 7 parameters do not change significantly or significantly reduced levels of T-helper and bactericidity, nor moderately increased level of NK cells.
Changes in the key parameters of the immune status of the members of the last cluster are differently expressed and differently directed. In particular, significantly increased levels of B-lymphocytes are reduced to the normal range, moderate deficiency of IgA and T-helper cells deepens, and dramatically increased bactericidal activity is transformed into significantly reduced, while IgG level moves from the lower normal to the average. Additional immune profiles ( Fig. 4 ) make it clear that the members of the N-/N cluster increase the bactericidity of neutrophils due to the completion of phagocytosis and increase of their absolute content in the blood, especially rods, while the activity and intensity of phagocytosis remain normal. This is accompanied by a normalizing increase in the level of monocytes and a decrease in the level of eosinophils.
In the S/S cluster, neutrophil bactericidal activity against Staph. aureus increases slightly due to the normalizing increase in the killing index, despite a slight decrease within the norm absolute neutrophil content. Instead, a similar increase in the E. coli killing index is offset by a slight decrease within the norm of activity and intensity of phagocytosis, so that the decreased bactericidal capacity against this microbe remains unchanged.
The N/S cluster members have a dramatic drop in the bactericidal ability of neutrophils against E. coli due to a decrease in all three parameters of phagocytosis in combination with a decrease in the absolute content of neutrophils in the blood. Less pronounced drop in bactericidal activity against Staph. aureus is caused by the preservation at the initial levels of the phagocytic index and the microbial number of neutrophils.
Instead, only a slight decrease in monocyte blood content is expected in the N/N cluster. The described changes in the parameters of systemic immunity are almost not reflected either at normal levels in lysozyme, IgG and sIgS saliva, or at reduced IgA level in members of all clusters ( Fig. 5 ).
Instead, significant changes in the constellation of the feces microbiota, primarily in members of the N-/N cluster, have been identified. The reduced content of lactic acid microflora (Lactobacillus and Bifidobacterium) and normal E. coli reaches the lower zone of normal. However, the moderately elevated E. coli hemolytica content is completely normalized, the significantly increased E. coli content with impaired enzymatic activity is markedly reduced, and a similar level of Klebsiela&Proteus falls even to the lower normal range. Taken together, these data indicate a reduction in dysbiosis. Favorable changes in the composition of feces microbiota are accompanied by the reduction of moderate bacteriuria, leukocyturia and, to a lesser extent, erythrocyturia.
Less pronounced signs of dysbiosis and urinary syndrome in members of the N/N cluster exhibit less pronounced but favorable response to balneotherapy.
Instead, the S/S cluster members have no normalizing changes in fecal microbiota and leukocyturia.
In N/S cluster members, the development of marked bacteriuria and the growth of erythrocyturia, but not leukocyturia, is accompanied by a further increase in the content of Klebsiela&Proteus and E. coli with impaired enzymatic activity in combination with the lower boundary levels of other components of the microbiota.
Fig. 4. Profiles of other parameters of immunity of members of four clusters
Fig. 5. Profiles of immune parameters of saliva, microbiota of feces and urine as well as urinary syndrome of members of four clusters
We now turn to the analysis of the dynamics of the so-called information indicators, calculated on the parameters of Leukocytogram and Immunocytogram. Popovych's Strain Index-2 was the most sensitive. Severely elevated in N-/N cluster members, it is reduced under the influence of balneotherapy but not enough ( Fig. 6 top) . The less markedly higher index level of N/S cluster members is completely normalized (Fig. 6 lower) , while the even lower initial index level of N/N cluster members decreases only to the upper normal range ( Fig. 6 upper) , and of cluster members S/S does not respond to balneofactors (Fig. 6 lower) .
Popovych's Adaptation Index, by definition, exhibits a dynamic opposite to that of the Strain Index, but less clearly. Instead, entropy levels are almost unresponsive to balneofactors, remaining stably normal.
Fig. 6. Profiles of information parameters of Leukocytogram and Immunocytogram of N-/N and N/N clusters (top) and S/S and N/S clusters (bottom)
In order to give an overall impression of the reactions to the balneo factors of all registered indicators, individual profiles were combined into a panorama ( Fig. 7) .
Fig. 7. Integral parameter profiles of members of four clusters
Discriminant analysis was conducted to identify exactly the parameters of the immunity and microbiota, in which the four immune response clusters differ significantly from each other. 24 parameters were characteristic, 12 of them related to the immune parameters of the blood, one of the saliva, 5 related to the feces microbiota and 3 to urinary syndrome as well as 4 parameters are so-called information. The other 25 parameters were outside the discriminatory model (Tables 3 and 4 ). Next, the 24-dimensional space of discriminant variables transforms into 3-dimensional space of canonical roots, which are a linear combination of discriminant variables. The canonical correlation coefficient is for Root 1 0,976 (Wilks' Λ=0,0017; χ 2 (72)=186; p<10 -6 ), for Root 2 0,930 (Wilks' Λ=0,0345; χ 2 (46)=98; p<10 -4 ) and for Root 3 0,863 (Wilks' Λ=0,254; χ 2 (22)=40; p=0,012). The major root contains 68% of discriminative properties, the second 22% and the minor 10%. Table 5 presents standardized (normalized) and raw (actual) coefficients for discriminant variables. The calculation of the discriminant root values for each person as the sum of the products of raw coefficients to the individual values of discriminant variables together with the constant enables the visualization of each patient in the information space of the roots. Table 5 shows the correlation coefficients of immunity and microbiota changes (discriminant variables) with canonical discriminant roots, the cluster centroids of both roots, and the normalized immunity and microbiota change values of the discriminant variables, as well as not included in the discriminant model because not getting a variable into the model does not always indicate a lack of recognition ability, but may be a consequence of redundancy of information. Extreme right localization along the axis of the first root of members of the N-/N cluster ( Figs. 8 and 10 ) reflects their maximally increase in parameters that correlate with the root positively, and maximally decrease in parameters that correlate with the root inversely. Instead, the leftmost localization of the N/S cluster members reflects the maximum decrease/increase in the same parameters. The members of other clusters do not differ in the totality of the parameters listed (mixed along the axis of the first root).
Table 5. Correlations Variables-Canonical Roots, Means of Roots and Z-scores of changes in Variables of Immunity and Microbiota for Clusters
Instead, the members of the N/N and S/S cluster are clearly distinguished along the axis of the second root ( Figs. 8 and 11 ). Higher N/N cluster localization reflects an increase in the parameters associated with this root, whereas in the lower members of the S/S cluster these parameters decrease under the influence of balneofactors (regarding IgG Serum changes on the contrary).
According to another constellation of parameters, these two clusters are delimited along the axis of the third root ( Fig. 9 and 12) . In general, all four clusters on the planes of the discriminant roots are quite clearly delineated, which is documented by calculating the Mahalanobis distances (Table 6 ). The same discriminant parameters can be used to identify the belonging of one or another person to one or another cluster. This purpose of discriminant analysis is realized with the help of classifying functions (Table 7 ). We can retrospectively recognize members of three clusters unmistakably, and only the cluster S/S is with one error (Table 8 ). The next article will analyze the related changes in the parameters of the autonomic nervous and endocrine systems, as well as metabolism.
Table 6. Squared Mahalanobis Distances between Clusters, F-values (df=24,2) and plevels
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